Cria em piso versus cria em bateria: efeitos na produção, qualidade de ovos e condição física de poedeiras alojadas em gaiolas enriquecidas 
RESUMO

Avaliou-se a influência dos sistemas de criação (em piso ou em baterias) sobre o desempenho produtivo, a qualidade de ovos e a condição física de poedeiras alojadas em gaiolas enriquecidas. Dois grupos de 180 frangas Isa brown foram criados em baterias (CR) ou em piso (FR) e transferidos para gaiolas enriquecidas, onde a produção, a qualidade de ovos e a condição física foram observadas durante um ciclo completo de postura (18-78 semanas de idade). Com 17 semanas de idade, as frangas foram alojadas em 36 gaiolas enriquecidas, 10 aves por gaiolas, cada uma contendo um ninho, poleiros, banho de areia e lixas de unhas. De 19 a 78 semanas de idade, a produção de ovos foi registrada diariamente. A qualidade comercial dos ovos foi medida mensalmente. Nas semanas 19 e 78 de idade, o comprimento das unhas e a condição da plumagem foram avaliadas
Ciência Rural, v.39, n.5, ago, 2009. that floor reared pullets are subjected to a drastic change in environment when housed in cages, the hypothesis considered was that adaptation problems can cause significant economic losses under commercial conditions and impair animal production.
A number of studies have shown that rearing systems affect the production period of hens housed in conventional cages (DEATON et al., 1985; ANDERSON & ADAMS, 1994) . For example, JIN & CRAIG (1988) showed that rearing conditions can affect growth and egg production in laying hens, and ANDERSON & ADAMS (1994) reported that hens reared in cages produce heavier eggs and are less fearful at the end of production cycle than floor-reared hens.
If differences exist between rearing system that can negatively or positively affect production period of hens housed in furnished cages, it must be found. The results herein could be helpful for deciding witch rearing system is more appropriate and brings less adverse consequence to the egg quality as well as the economy of a farm.
This study aimed to search for productivity, egg quality and physical condition differences between floored and caged reared birds to assess advantages and disadvantages of these two different rearing systems after transference to a furnished cage.
MATERIAL AND METHODS
Three hundred and sixty beak-trimmed pullets of a commercial strain (Isa Brown) were purchased from a local breeder. On the farm of origin, half of the birds were reared in standard rearing cages and the other half were reared in floor pens with litter. The management of both treatments was otherwise similar and all birds were managed according to standard commercial practices.
Chicks were fed standard pullet feed in three phases: 21% CP, 2823 kcal ME kg -1 starter diet from 0-6 weeks; 18% CP, 2864 kcal ME kg -1 grower diet from 7-12 weeks; and 16% CP, 2724 kcal ME kg -1 developer diet from 13-17 weeks.
At 17 weeks of age, the birds were transferred to the Poultry Experimental Unit of the University of Saragossa and randomly allotted to one of 36 furnished cages, each with 10 birds per cage. There were two main treatments, arranged in two blocks of 18 cages. The furnished cages have a nest and litter at the rear (Figure 1 ). The cages were 120 cm wide, 63cm deep, and 40cm high at the front and 45cm high at the back, with a floor slope of 12°. The average area per bird was 600cm 2 in the main part of the cage and 150cm 2 in the nest area (total floor space per bird was750cm 2 ). Feeder area was 12cm per bird and space in the dust bath was 120cm 2 per bird. From 18 to 78 weeks of age, hens had ad libitum access to water and normal layer crumbled rations with 2892kcal ME kg -1 and 17% crude protein. The light -dark regime was 16:8. Air temperature was maintained between 20 and 24°C. Hens had access to a dust bath for 2h per day (13-15h, after egg collection). To prevent hens from staying in the litter box area, expulsion system was used. That period was chosen to prevent hens from laying in the dust bath, and to adjust the hens to the working hours of farm employees. Faeces were removed with conveyor belts and dust baths were filled with sawdust (previously passed through a sieve), automatically, using conveyor belts on alternate days. From 19 to 78 weeks of age, production data (including the number of damaged or dirty eggs) were collected daily.
The commercial quality of 780 eggs (390 eggs per treatment) was analyzed in 13 samples. For statistical analyses, the data were pooled into one of three periods (beginning 20-29 weeks, middle 40-59 weeks and end of lay 60-78 weeks). To quantify the number of cracked and dirty eggs, an egg-candler was used. The eggs with approximately 10% of the shell surface area covered with sawdust, blood spots or faeces were considered dirties. Egg Quality Meter (EQM ® , Version 3.1 Technical Services & Supplies, UK) was used to measure egg quality. The following variables were measured: egg weight, shell colour, albumen quality (Haugh Units), yolk weight, shell density, shell thickness, and shell weight. Yolk colour was measured with a Minolta CM 2002 spectrophotometer with standard illuminant C and 2°s tandard observer using the CIE L* a* b* system (lightness. L*: redness. a*: yellowness. b*). Shell thickness was recorded as the average of the three equidistant points on the eggs' equator, and measured using a digital micrometer (Mitutoyo Model 547-301; accuracy = 0.01mm). Eggshell thickness was measured after the egg was broken and dried at 70°C for 24h. After broken the eggs, blood and meat spots were directly estimated through visual examination of the eggs on a surface equipped with a mirror table. Eggshell colour was measured by the reflected light (%) using the EQM reflectometer.
To score feather condition in six parts of the body (neck, breast, back, wings, tail, and cloaca area), a four point scoring system of TAUSON et al. (1984) was used. Two weeks after transferring the pullets to the experimental unit (19 weeks of age) no damage to the plumage was recorded (total 24 points: very good Ciência Rural, v.39, n.5, ago, 2009. plumage and completely covered by feathers). At 78 weeks of age, a sample (10%) of hens was assessed visually and compared to standard photographs. Overall average score and a score for each part of the body (4: very good plumage and completely covered by feathers -1: very damaged plumage and not covered by feathers) was determined. Claw length of the central toe on the right foot along its curvature was measured with a metric tape.
Statistical analysis: untransformed data of egg production and egg quality, except dirty or cracked eggs, or blood and meat spots were analysed using the least mean squares procedure. The Wilcoxon rank sum procedure (Mann-Whitney U-test) was used for testing the differences in the frequency of meat and blood spots in eggs. Before analysis, the proportions of cracked and dirty eggs were arcsine transformed. Floor-and cage-rearing were treated as the experimental unit and, for all traits. Individual cages were used as replicates. The level for statistical significance was set at P<0.05 and statistical tests were performed using SPSS 11.0 for Windows.
RESULTS AND DISCUSSION
Production
Rearing systems groups did not differ for any production variables. At 78 weeks of age, Floorreared (83.2%) and Cage-reared (82.6%) showed no significant difference in egg production (% hen housed). Average egg weight (g), egg mass (g hen day -1 ), egg mass (kg hen housed -1 ) were 66.6, 55.4, 22.9 for FR hens and 66.7, 55.1, 22.8 for CR hens, respectively. Mortality was very low in both treatments (3.4% in CR hens; 3.8% in FR hens).
Egg production, egg quality and the behavioural traits of laying hens are considered good indicators of how well they adapt to furnished cages (TAUSON, 1992) . Production traits, which were above breeder's standards, were not affected by rearing system, as found in another study (JIN & CRAIG, 1988) . Egg production and hen mortality were similar to those observed by , who reported a mean egg mass per hen of 22.3kg and 3.2% mortality when hens were housed in enriched cages, and 21.8kg and 5.8% in hens housed in conventional cages. CEPERO et al. (2000) reported similar results. Egg weight did not vary significantly between the rearing systems, which is in contrast to the finding of ANDERSON & ADAMS (1994) , who reported that hens reared in cages produced heavier eggs than those reared in floor pens after their transference to conventional cages. In this study, rearing system did not influence hen mortality, as reported by ANDERSON & ADAMS (1994) for hens housed in conventional cages. 
Egg quality
The possible effects of rearing system on egg quality were tested in 3 phases during the laying period (Table 1) . When compared with CR hens, the proportion of dirty eggs was significantly (P<0.05) higher in FR hens at the middle and final phase of the production cycle. Significant higher proportions of cracked eggs were observed in FR hens at the beginning and middle of laying period (P<0.05). Yolk colour, which was measured using the L*a*b* system, only differed between treatments for b* (yellowness) at the end of the laying period. Meat spots were more frequent (P<0.05) in FR hens at middle lay, but the opposite was observed at end of lay. With increasing age of the hen, the frequency of blood spots increased and meat spots remained stable throughout the production period, except in FR hens during the middle lay period. Rearing system did not affect shell colour, egg and yolk weight or albumen quality, as measured by Haugh Units. Shell density, shell thickness and shell weight were significantly (P<0.05) lower in FR hens at the end of lay, only.
Egg quality traits, such as cracks and dirtiness, might be negatively affected by cage design (ABRAHAMSSON & TAUSON, 1998) . The negative effects of cage design might be greater in floor-reared hens than in cage-reared hens because of the higher frequency of nesting and perching behaviour in the former (ELSTON et al., 2000) .
The differences observed in behaviour of hens in the two treatment groups might affect egg quality (SMITH et a1., 1993) . FR hens used the dust bath more often than did CR hens (data not showed). The higher activity of FR hens might have had a negative effect on eggshell cleanliness because the eggs could be coated with sawdust from the egg collection belt (located just under the belt used for the distribution of dust bath material), particularly if there were broken eggs on the belt. The external condition of eggs is important because bad quality can reduce its price (ABRAHAMSSON & TAUSON 1995) . The proportion of dirty eggs was lower than reported in other studies (ABRAHAMSSON et al., 1996; WALL & TAUSON, 2002; MALLET et al., 2003) .
Some designs of furnished cages have produced relatively more broken eggs than observed in this study (APPLEBY et al. 1998 ; VAN NIEKERK & REUVENKAMP, 1999; WALL & TAUSON, 2002; HIDALGO & ROSSI, 2003; ABRAHAMSSON et al., 1996) . SHORT et al. (2001) suggested that competition among hens for access to a dust bath might produce increased stress in hens, which in turn reduces eggshell density. No evidence was found to support that hypothesis, at least at the beginning and middle phases of the laying period, but might explain the higher frequency of broken eggs at the end of laying in FR hens. Table 1 -Commercial egg quality parameters (mean ± SE) of floor-reared and cage-reared ISA Brown laying hens housed in furnished cages. Eggshell colour might be a useful indicator of a hen's welfare. In hens experiencing a certain degree of stress, the eggs remain in the oviduct for a longer period of time, leading to deposition of amorphous calcium carbonate and resulting in whiter eggs (WALKER & HUGHES 1998) . The lack of a difference in eggshell colour suggests that the welfare status of hens was similar in both treatments. The high frequencies of blood and meat spots observed in both treatment groups are difficult to explain, but they might be the result of the grading criteria used, which were stricter than those used in a commercial classification system, where the frequency of blood and meat spots should be lower. ABRAHAMSSON & TAUSON (1998) report blood and meat spots on 2-5 % and 1.2-7.0% of eggs. The proportion of spots increased with the age of hens in both treatments.
Physical condition
At the end of the laying period, feather condition and cover were significantly better in CR hens than in FR hens (P<0.05). The cumulative declining in the overall score was -26% in CR hens and -37% in FR hens (17.6 vs. 15.0 points). The region of the body that exhibited the greatest feather degradation was the breast (-65% and -72% in CR and FR hens, 1.4 vs. 1.1 points, respectively) and the lowest degradation was observed on the back 3.4 vs. 3 .0 points respectively). Feather condition in the cloacal region declined significantly more in FR hens (-37%) than in CR hens (-17%). In the neck region, differences were observed in favour of CR hens. Hens from the two rearing treatments did not differ significantly in the condition of wing feathers. Mean claw length was 1.6cm at 19 weeks of age and 2.1 at 78 weeks of age and did not differ significantly between the two rearing systems.
Claw length and feather scores provide information about the welfare status of hens (TAUSON, 1984) . It is plausible that FR hens maintain scratching behaviour more intensively than do CR hens, mainly by scratching their feet on the abrasive strips on the egg guard while feeding or in the dust bath while dust bathing. This might reduce feather loss, particularly on the back of the hens due to excessive claw length.
The percentage of hens scored for plumage conditions by a trained observer is a reasonable indicator of feather pecking behaviour (GUNNARSSON et al., 2000) . According to the data obtained in the experiment, plumage condition was acceptable at the end of the laying period. The average feather score was higher (21 vs. 18.5 points on a scale of 24) than reported by ABRAHAMSSON et al. (1996) for hens of an age similar to those herein observed. Similar to the observations of JIN & CRAIG (1988) , at the end of laying period, plumage condition was better in CR hens than in FR hens. The poor plumage condition of the breast of FR hens was due to the higher use of and abrasion from perches and greater dust-bath activity. Other regions of the hen's body had poor plumage, but they were not exposed to abrasion. Thus, there might have been feather pecking at the end of lay in FR hens, but it was not very pronounced. Average claw length was shorter than reported by BARNET et al. (1997) , but longer than those of pen-housed hens in the same study. No effect of rearing system on claw length was found. Although more data are required, it is plausible that scratching behaviour in Isa Brown laying hens is not affected by rearing system.
CONCLUSION
Production variables were similar in floorand cage-reared Isa Brown laying hens; however, some measures of egg quality, e.g., dirty eggs and shell quality, were slightly worse in floor-reared hens. There is one possible explanations for this; the higher activity on the dust bath (eggs could be coated with sawdust) of floor-reared hens might have had a negative effect on eggshell cleanliness.
